Food insecurity is a persistent, growing, and clinically relevant problem in older adults; however, its effect on healthcare expenditures is not known. This study examined the relationship of food insecurity with Medicare and out-of-pocket expenditures in older Georgians enrolled in Medicare and meal services using 2 complementary datasets: Georgia Advanced Performance Outcomes Measures Project 6 (GA Advanced POMP6) and Medicare claims data in 2008 (n = 903, mean age 76.9 6 7.8 y, 31.0% male, 64.2% white). Due to the mixed distribution of healthcare expenditure data (e.g., high nonusers, right-skewed distribution for users), 2-part models were used. Approximately one-half of the sample was food insecure (50.4%) and was more likely to report poorer health status and to have chronic diseases than food-insecure individuals. Food-insecure older adults were less likely to have any Medicare expenditure than food-secure older adults.
Introduction
The rapidly growing older population (1) and the economic recession in the United States have significant implications for public assistance programs (e.g., food and nutrition assistance programs and Medicare) intended to improve the nutritional health status and well-being of vulnerable older Americans. For example, Medicare is a universal federal health insurance program targeting adults aged 65 y and older (2) . Medicare spending has grown steadily in absolute dollars as well as in the percentage of the federal budget since its enactment in 1965. In 2010, MedicareÕs total spending of $524 billion accounted for 15% of the federal budget (3) . The spending is projected to increase to 20% of the federal budget by 2020. Nearly all of Medicare dollars are spent on individuals with chronic conditions (4) . Controlling this skyrocketing Medicare expenditure while ensuring beneficiariesÕ access to quality health care services is a concern for policy makers, administrators, and healthcare professionals as well as older adults. Therefore, it is critical to understand the factors influencing healthcare expenditures of older adults and identify strategies to control individual and national healthcare costs attributable to the aging population.
In 2008, the prevalence of food insecurity in older Americans was the highest it has been in the last 14 y (5) and this level remained unchanged in 2010 (6);~2.3 million (7.9%) households with older adults experienced food insecurity in 2010 (6) . Food insecurity contributes to a number of nutrition-and non-nutrition-related outcomes that may affect the health and well-being of individuals. Previous research has shown that food insecurity is associated with poor food and nutrient intake (7) (8) (9) , poor self-reported health status (7, 9, 10) , obesity (11) , physical and mental health problems (7, 9, 10, (12) (13) (14) , higher cardiovascular risk factors (15) , poor diabetes self-management (12, 16) , and medication nonadherence (17, 18) . These findings suggest that food insecurity is a clinically relevant problem and may contribute to the development and poor management of diet-related chronic diseases (19) , poor access to health care (18) , and increased acute care use (18, (20) (21) (22) (23) . These detrimental consequences are potentially more severe for older adults because of their unique characteristics related to aging, diseases, and health status. Specifically, food insecurity in older adults may exacerbate diseases, decrease resistance to infection, and extend hospital stays, all of which would increase individual caregiving and healthcare costs and national healthcare expenditures (24) .
Research has shown that food insecurity has significant implications for healthcare utilization and expenditures (10, 18, 20, (25) (26) (27) . However, it has focused on the relationships among food insecurity, health status, and health care expenditures in younger populations. No known study has examined these relationships in older adults, who have a much higher burden of chronic diseases (28) and are responsible for a larger proportion of personal healthcare spending than those in any other age group (29) . Although Medicare covers a significant portion of healthcare expenses for older adults, it typically requires significant cost-sharing from the beneficiaries. Many older adults with multiple chronic conditions and limited financial resources are, therefore, forced to choose between basic necessities and are at an increased risk of scaling back on these needs, including food, medical care, and medication (17, 20) . The appropriate data to examine these issues in older adults are usually not available in the existing datasets. In addition, the procedures and infrastructure to collect such data on food insecurity, health status, and healthcare expenditures of older adults are not well established.
The purpose of this study was to examine the relationship between food insecurity and Medicare-related healthcare expenditures of low-income older adults enrolled in Medicare and meal programs using unique datasets and approaches. Food insecurity can increase or decrease healthcare expenditures. On one hand, food-insecure individuals may spend more on healthcare than food-secure individuals do because of poorer health status among food-insecure individuals. On the other hand, if food-insecure individuals substitute food for healthcare due to financial constraints, they may spend less on healthcare than food-secure individuals do and face worse health outcomes. To our knowledge, this study provides the first estimates of Medicare and out-of-pocket healthcare expenditures by food insecurity status in older adults. By using a unique dataset, this study also intends to explore and inform ways to better estimate the economic cost of food insecurity as well as the economic benefits of its potential solutions in the vulnerable older population.
Participants and Methods

Study design and population
This study is a secondary analysis using complementary datasets from the Georgia Advanced Performance Outcomes Measures Project 6 (GA Advanced POMP6 The GA Advanced POMP6 is a collaborative project between the Georgia Division of Aging Services and the Department of Foods and Nutrition at the University of Georgia to evaluate the impact of Older Americans Act Nutrition Program (OAANP) participation on food security and nutritional health in older Georgians. The study consisted of cross-sectional and longitudinal selfadministered mail surveys of~5500 active and new OAANP participants and waitlisted people in Georgia. A detailed description of the study design, study population, and measurement validation has been published elsewhere (30) (31) (32) .
The GA Advanced POMP6 provides mostly self-reported or subjective data on sociodemographic and economic characteristics, food insecurity (31), medication adherence (17, 33) , OAANP participation status, and general health status collected through surveys and Georgia aging client database systems. The CMS data provide objective measures of Medicare and out-of-pocket service utilization and expenditures and health status based on administrative health claims data. The merged GA Advanced POMP6 and the CMS data provide an exceptional opportunity to obtain key study variables for the study in a substantially large sample of lowincome, minority, noninstitutionalized, older adults. The merging process was carried out through coordinated efforts among the Georgia Division of Aging Services, the CMS, and the University of Georgia. A detailed description of the data merge will be published elsewhere (34) . The Institutional Review Boards on human participants of the Georgia Department of Community Health (project no. 091203) and the University of Georgia (project no. 2008-10404-2) approved this study.
For the purposes of this study, the 2008 CMS and baseline data from the longitudinal study sample of the GA Advanced POMP6 were used. The longitudinal study sample included all persons who began OAANP participation (congregate meals new participant and home-delivered meals new participants) as well as those added to program waitlists (congregate meals new waitlisted) and home-delivered meals new waitlisted) between July and early November 2008 who completed the baseline survey (n = 1594). Of 1594 participants in the GA Advanced POMP6 sample, 1377 (86.4%) were merged with the CMS data.
Measures
Medicare-related healthcare expenditures. The CMS data provide information on event-level expenditures for different types of medical services used by each participant. Total annual Medicare expenditures as well as annual expenditures on 4 types of medical services (i.e., inpatient, outpatient, emergency room, and home health agency) were derived by summing relevant expenditures reimbursed by Medicare for each participant between January 1 and December 31, 2008. The CMS data do not provide information on Medicare-related, out-of-pocket expenditures incurred by the participants for use of emergency room and home health agency services. Therefore, total and 2 types of medical service (i.e., inpatient and outpatient) related out-of-pocket expenditures were derived by summing the payments made by each participant for the relevant services during the same period. The out-of-pocket expenditures include all coinsurance and deductible amounts that the beneficiary was financially responsible for during the year.
Food insecurity. Food insecurity status in the last 30 d was assessed using a validated modified version of the 6-item Household Food Security Survey Module (HFSSM) in the GA Advanced POMP6 (31) . In the modified survey module, one question assessing 2 behaviors (cutting the size of meals, skipping meals) is separated into 2 questions. Compared with the original full HFSSM (10 or 18 items), this modified 6-item HFSSM was considered to lower the response burden on older participants with a range of physical function and to reduce respondent confusion and missing or unclear responses (31) . Also, the modified HFSSM provides local and state level data that can be comparable with the national food security data (31) . Based on the sum of affirmative responses to the modified 6-item HFSSM, a food insecurity summary score (score 0-6) was calculated and used to classify the individual as either food secure (score 0-1) or food insecure (score 2-6).
Health status. Health status was assessed using subjective and objective measures. Self-reported health, reported on a 5-point scale ranging from ''poor'' to ''excellent,'' was categorized as ''fair to poor'' or ''good to excellent.'' As a measure of comorbidity, the total number of chronic conditions of each participant was calculated based on the CMS Chronic Conditions Warehouse data (35) . The Chronic Conditions Warehouse was created by the CMS using Medicare and Medicaid claims and available assessment data across the continuum of care and provided 21 predefined chronic conditions. These chronic conditions included acute myocardial infarction, AlzheimerÕs disease and related disorders or senile dementia, atrial fibrillation, cataract, chronic kidney disease, chronic obstructive pulmonary disease, heart failure, diabetes, glaucoma, hip/ pelvic fracture, ischemic heart disease, depression, osteoporosis, rheumatoid arthritis/osteoarthritis, stroke/transient ischemic attack, and 5 kinds of cancers (breast, endometrial, colorectal, prostate, and lung). The total number of chronic-condition variables was grouped into none (zero), 1-2, 3-5, and $6. In addition, 3 common chronic-disease variables were created, including cardiovascular diseases (acute myocardial infarction, heart failure, ischemic heart disease, atrial fibrillation, stroke/transient ischemic attack), diabetes, and depression.
Demographic, socioeconomic, and other characteristics. Demographic and socioeconomic information obtained from the Georgia aging client database systems included age, gender, race, education, and county of residence. Age was measured as a continuous variable then divided into 3 categories: 65-74, 75-84, and $85 y. Race was categorized into white, black, and other/did not disclose. Education status was dichotomized, i.e., less than high school or high school graduate or more. The county of residence was classified according to a scheme developed by Bachtel et al. (36) as urban (urban, urbanizing, and suburban) and rural (rural growth and rural declining). The household income and number of people in the household were accessed by survey and were compared with the 2008 poverty thresholds by family size (30) .
Analytic sample
The analytic sample included only those who had complete information on key study variables in merged 2008 GA Advanced POMP6 and 2008 CMS data (n = 903, mean age 76.9 6 7.8 y, 31.0% male, 64.1% white, and 65.6% of the 1377 total merged sample). Information regarding poverty (n = 222) and race (n = 159) were most frequently missed. Those who were not included in the analytic sample did not significantly differ from those who were included except that they were more likely to be younger (P < 0.0001) and to have incomes below the Federal Poverty Level (P < 0.001) (data not shown).
Data analysis
Descriptive and multivariate analyses were used to examine the relationship between food insecurity and healthcare expenditures. Healthcare expenditure data have mixed distributions with a disproportionately high number of observations at zero (i.e., nonusers of healthcare during the study period) and right-skewed distribution of expenditures for the users. Nearly 30% of the sample did not incur any expenditure during 2008 (Fig. 1) . Given the non-normal distribution of the expenditure variables, nonparametric Wilcoxon-Mann-Whitney tests were used to test the difference in healthcare expenditures by food insecurity.
For the multivariate analysis, 2-part models were used to empirically address the unique distribution of healthcare expenditure data (37) . In these models, the probability of incurring any expenditure was modeled in the first part and level of expenditures conditional on incurring any expenditure was modeled in the second part. For the purpose of this study, logistic regression was used to model the probability of any healthcare expenditure and generalized linear model with log link and gamma variance function was used to model the level of expenditures among the users. In these models, an interaction of poverty and food insecurity was included to examine if food insecurity has differential impacts on healthcare expenditures depending on the poverty status due to the accessibility to public assistance programs targeted to the low income (e.g., Medicaid). The interaction term was to identify any differences in the effect of food insecurity on Medicare and out-of-pocket expenditures by poverty status. In linear regressions, the coefficient of the interaction term would be the estimate of true interaction between the 2 variables. However, because we modeled nonlinear regressions, the coefficients of the interaction terms are not the estimates of the true interaction effect (38) (39) (40) . Therefore, using these estimates from the regression equations, we predicted the ratio of probability of any healthcare expenditures as well as differences in expected healthcare expenditures between food-insecure and food-secure participants and computed the CI using the bootstrap method (percentile method). All data analysis was conducted by using SAS software (41) . The significance level was set at P < 0.05.
Results
Sample characteristics. The mean age of the sample was 76.9 6 7.8 y, 69.0% were female, and 64.2% were white ( Table 1) . The majority of the respondents reported fair or poor health (75.6%), had at least one chronic condition (93.8%), and were in need of home-delivered meals (83.3%). Approximately twothirds had cardiovascular disease and one-half of the study sample had diabetes. Nearly one-third of the sample (36.7%) was below the poverty level.
Approximately one-half of the study sample reported food insecurity. Compared with food-secure participants, foodinsecure participants were more likely to be poor, younger, minority, less educated, and waiting for home-delivered meal services. They were more likely to report poorer health status and to have 3 common diseases, especially diabetes, but had a similar total number of chronic conditions to their counterparts.
Medicare and out-of-pocket expenditure. Medicare and outof-pocket expenditure variables showed unique distributions ( Fig. 1; Table 2 ). Approximately 28 and 34% of the study sample did not spend any Medicare and out-of-pocket expenditures during 2008, respectively. Food-insecure participants were less likely to spend any healthcare expenditure than foodsecure participants, especially home health Medicare expenditures. Among those who incurred any expenditure, the median Medicare and out-of-pocket expenditures were $4896 and $1024, respectively. Inpatient Medicare expenditures were highest, followed by home health, emergency, and outpatient Medicare expenditures. Inpatient out-of-pocket expenditures were also higher than outpatient out of-pocket expenditures. Food-insecure individuals showed lower Medicare and out-ofpocket expenditures than food-secure individuals, except for outpatient and emergency Medicare expenditures. These differences, however, did not reach significance. Factors associated with likelihood and level of Medicare and out-of-pocket expenditures. Food-insecure individuals were less likely to spend any Medicare expenditure than food secure individuals (Table 3) . However, among those who had any Medicare expenditure, food-insecure individuals spent a similar amount of Medicare expenditures as food-secure individuals. Food-insecure participants had a similar likelihood of incurring out-of-pocket expenditures as food-secure participants. However, among those who incurred any out-of-pocket expenditure, food-insecure individuals spent less out-of-pocket expenditures than food-secure individuals.
Various other factors were associated with the likelihood and amount of Medicare and out-of-pocket expenditures. Those who were male, minority, and living in a rural area were less likely to incur any Medicare expenditure; however, those with diabetes, cardiovascular diseases, and depression were more likely to incur any Medicare expenditures. Among participants with any Medicare expenditure, those living alone and having cardiovascular diseases and depression had a significantly higher amount of Medicare expenditures in 2008, whereas those reporting poorer health status and in need of congregate meals had lower Medicare expenditures than their counterparts. For the out-of-pocket expenditures, similar factors related to the total expenditure were identified. Gender, living in a rural area, and having 3 common conditions (i.e., cardiovascular diseases, diabetes, and depression) were significantly associated with the likelihood of incurring out-of-pocket expenditure.
Estimated Medicare and out-of-pocket expenditures (results of 2-part models). Using the results of 2-part models, differences in adjusted probability of incurring any Medicare and out-of-pocket expenditures and mean total Medicare and out-of-pocket expenditures of food-secure and food-insecure elderly were derived ( Table 4) . The adjusted mean total of Medicare expenditures for food-insecure individuals was $1875 less than those for food-secure individuals in 2008. In particular, adjusted mean home care service expenditures of food-insecure individuals were significantly lower than those of food-secure individuals ($474). Similarly, the adjusted mean total out-ofpocket expenditure for food-insecure individuals was $310 less than that for food-secure individuals.
Discussion
This exploratory descriptive study examined the relationship of food insecurity with Medicare and out-of-pocket healthcare expenditures among low-income older adults by merging unique local and Medicare claims datasets. The novel approach adopted in this study was intended to collect necessary data to better estimate the economic cost of food insecurity in a vulnerable older population.
Our study sample, selected through the OAANP and the aging service client database system in Georgia, had unique characteristics. Compared with the nationally representative older adult sample (7), they represented a higher proportion of those who were poor (37 vs. 10%), female (69 vs. 56%), and nonwhite (37 vs. 13%). They also had heightened needs for food assistance, indicating their worse-off food situation than those who were at comparable levels of sociodemographic and economic conditions. Indeed, the prevalence of food insecurity in our study sample was about 6 times as high as the national older adult sample and even 1.5 times as high as those in the national low-income older adult sample (7) . Compared with all Medicare beneficiaries in the US, our study sample was also more likely to be female (69 vs. 56%), nonwhite (36 vs. 22%), poor (37 vs. 16%), dual eligible (48 vs. 20%), and to report a poorer health status (79 vs. 28%) (42, 43) , reflecting an increased need for healthcare services. In particular, food-insecure individuals in our sample had a greater burden of poverty and poorer health than food-secure individuals. However, foodinsecure older individuals tended to have lower Medicare healthcare expenditures and more unique Medicare healthcare expenditure patterns than their counterparts with comparable health status as measured by chronic conditions examined in this study. These findings suggest that food-insecure individuals with limited resources for food may also be unable to meet healthcare needs as well as food-secure individuals.
When various factors associated with healthcare expenditures (i.e., sociodemographic, economic, and health characteristics) were held constant, food insecure older individuals had a higher likelihood of spending any Medicare expenditure, but a similar likelihood of spending any out-of-pocket expenditure, compared with food-secure individuals. Among those who had any positive expenditure, food-insecure individuals had similar Medicare expenditures but lower out-of-pocket expenditures than their counterparts. Previous limited studies conducted mostly in a small convenience sample of younger populations suggested that food-insecure individuals are more likely to delay care when needed and more likely to be seen in acute care or hospitalized than their counterparts, all of which would increase healthcare costs and detrimental health consequences (16, 18, 20, 22, 23) . Given that Medicare does not cover the total healthcare expenditures and most Medicare beneficiaries (90%) have supplemental health insurance coverage (43) , the findings of this study based only on Medicare-related healthcare expenditures Food insecurity and healthcare expenditure 1891 cannot provide a comprehensive picture of healthcare expenditure patterns related to food insecurity in the low-income older adult population. However, expenditure patterns identified in this study were different from those in previous studies and further suggest complex access, choice, and actual use of different types of needed medical care among food-insecure compared with food-secure older individuals. Identifying healthcare expenditure patterns related to food insecurity and whether and/or how such expenditure patterns affect the healthcare cost and health status of older individuals warrants further studies. The estimated adjusted mean Medicare and out-of-pocket expenditures of food-insecure individuals were $1875 and $310 less, respectively, than those of food-secure individuals in 2008. These differences are not trivial and translate into 20.3 and 19.9% of mean Medicare spending per beneficiary in Georgia ($9930) and the US ($9420) in 2008, respectively, and 7.3% of mean out-of-pocket spending per Medicare beneficiary in the US in 2006 ($4241) (42) . We were unable to examine if these deficits were due to financial constraints and reflected inadequate access and usage of needed healthcare services in food-insecure older individuals. Such deficits, however, reinforce the existence of disparity in healthcare access and potentially imply underutilization of needed medical care services across subgroups of the older population, which potentially lead to differential effects on nutritional health status, overall well-being, and successful aging. For example, the majority of the sample used in this study were either participating or waitlisted for the home-delivered meals. Due to a higher prevalence of functional limitations among Title III services participants compared with the national population of older adults (44) , this subpopulation may face additional barriers to access to needed healthcare such as difficulty in getting to the doctor, resulting in lower healthcare utilization and expenditures. From the policy perspective, it is important to understand the effects of food insecurity on healthcare expenditures to assess the net benefits of governmental programs such as food assistance and Medicare on the overall well-being of older adults. Such issues were addressed in the 2010 Research Supplemental Poverty Measure (RSPM) released by the U.S. Census Bureau (45) . The RSPM was intended to address weaknesses of the official poverty measure developed in the early 1960s and better reflects current social and economic realities and government policy. One of the unique considerations in estimating the RSPM was to take into account federal governmental in-kind benefits that families can use to meet their food, clothing, shelter, and utility needs as well as out-of-pocket expenditures for medical expenses. Subtracting out-of-pocket expenditures and adding in-kind benefits in the RSPM significantly increases the poverty rate among older adults $65 y old (16% compared with 9% based on the official poverty measure). To enhance these efforts, it is more critical than ever before to better understand the relationship among poverty, need conditions including food insecurity, and healthcare utilization in older adults, not to mention to identify/establish best available data sources and research methodology to be used.
Assessing healthcare expenditure patterns among low-income older adults is challenging given the complexities of understanding the healthcare insurance coverage patterns and healthcare needs and utilization patterns in low-income older adults and of developing ways to capture them in a researchable database. The innovative approach adopted in this study was intended to address existing shortcomings in the available data and research methodology that examines the relationship between food insecurity and healthcare expenditures in economically vulnerable older adults. To our knowledge the secondary dataset used for this study is the first of its kind based on local and Medicare data. This merged dataset provided an exceptional opportunity to obtain key study variables in a substantially large sample of low-income, minority, noninstitutionalized older adults who have been difficult to recruit and are thus understudied. Our study establishes the feasibility of merging data from state-level and Medicare claims to study economically vulnerable subpopulation of older adults in Georgia. Although it was reasonably successful, our approach of merging local and Medicare data also presented critical challenges and implications. The acquisition process of the Medicare data for our own local study participants required resources, infrastructures, and technical challenges among involved parties in handling and managing confidential data. The merging data process in itself further required careful orchestrated efforts among the involved parties. The unique data we were able to establish included information only on Medicare-related healthcare expenditures but did not include other sources such as Medicaid because of the technical and administrative hurdles that were necessary to obtain such data. Many of our low-income study sample also received Medicaid (48 vs. 20% nationally), which may cover some of their out-of-pocket costs. Lack of data on Medicaid and other supplemental health insurance coverage of the study sample limited our ability to have a complete understanding of the healthcare expenditure pattern in our sample. However, the proportion of our sample spending any Medicare expenditure for different types of medical services may be reasonable and comparable to that in the national sample. When compared with all Medicare beneficiaries (43), our sample used fewer outpatient services (65 vs. 82%) but more home health services (28 vs. 8%) and inpatient services (32 vs. 21%). These utilization patterns reflect some aspects of the unique and severe level of health problems in our study sample.
This study underscores the need for more nationally representative datasets with comprehensive measures on healthcare access, health status, and healthcare expenditures that will enable investigations to examine complex relationships among food insecurity, health, and healthcare expenditures in older adults. Longitudinal data with information on food insecurity, health status, and healthcare expenditures over time is especially essential to identify specific mechanisms by which food insecurity is related to adverse health outcomes, poor disease management, poor medication adherence, and healthcare expenditures in older adults. It is also critical to collect these measures with appropriate reference time periods to adequately examine the temporal and causal relationships among them. In this study, food insecurity measures reflected the reported food situation of older participants during the 30-d period preceding the day the survey was taken in later 2008, whereas the healthcare expenditure measures were for the calendar year 2008. We are now exploring how the use of different reference time periods for measuring food insecurity and healthcare expenditures affects our findings using longitudinal data.
To our knowledge, this is the first known study to explore the relationship between food insecurity and healthcare expenditures in a low-income older adult population. The findings, experiences, and lessons learned from this study have a strong potential to contribute to the theory, methodology, literature, and practice in the field of nutrition and healthcare in older adults. This study reports the current status of economically vulnerable older adults in meeting basic food and healthcare needs, reflecting unique material hardships and healthcare burden faced by an ever-increasing older population and the nation. These findings will further our understanding of opportunities and challenges in improving food and healthcare security and direct future research and application aiming for improving health and well-being of older adults. For example, future research should use more detailed information on health status, healthcare access, healthcare expenditures, and other competing and necessary expenditures to better understand specific mechanisms by which food insecurity is related to health outcomes disease, and healthcare utilization in older adults. The resulting knowledge can be used to inform policy makers regarding the effectiveness of existing food assistance and healthcare programs as well as to develop interventions that will be most beneficial to improve the well-being of low-income older adults. Also, such an understanding eventually can be used at the local, state, and federal levels to enhance the delivery of public assistance programs and other services targeted to meet the unique needs and demands of older adults.
